Water demand forecasting has become an essential ingredient in effective water resource planning and management. In water-scare urban areas of developing countries, this emphasis on accurate forecasting is particularly important for effective water resource planning and management. This paper presents an econometric water demand model for forecasting future residential water requirements for a densely populated area of Jaipur city. This study used an ordinary least squared 
INTRODUCTION
Most urban centers in developing countries are facing shortages of municipal water supplies. There is a limit to development of available water resources for urban water supplies. Management of household water demand turns out to be an attractive option for managing scarce water resources. Forecasting residential water demand is a crucial component in the successful operation of the water supply system of a city. Accurately forecasted water demands for short-term, medium-term, or long-term horizons can be very useful for capacity planning, scheduling of maintenance, future financial planning, rate adjustment, and optimization of operations of the water supply system. In addition, adequately forecasted demand will be a basis for strategic decision-making on selection of future water sources, upgrading of the available water sources, and designing future water demand management options, so that water resources are not exhausted, and competing users have adequate access to those resources (Khatri & Vairavamoorthy () .
Most previous water demand studies show that residential water demand is determined by a number of household socio-economic and demographic variables, including household size, monthly household income, wealth of household, water price, and seasonal variation in temperature and population (Nieswiadomy & Urban water use typically consists of residential, industrial, commercial, and public uses, as well as some minor use for other purposes such as fire-fighting, line cleaning, and system losses. For example in the Jaipur metropolitan area, the largest sectors of urban water use are residential (81%), commercial (16%), and industrial (0.96%). Therefore major efforts in water saving should be achieved by targeting the residential sector. Little or minor effects could be achieved by any changes in industrial manufacturing process. This paper gives a deep insight in to identifying the factors affecting urban water consumption. We applied the ordinary least squared regression model to assess the affect of socio-economic and demographic household variables on residential water demand in the densely populated residential area of Jaipur city, i.e, the old walled area.
Study area
The walled city area of Jaipur is located at 26 (Stearns ) . Therefore a supply-side approach is not a viable and sustainable solution to the city's water problem. In this context, there is need for residential water management through the demand management approach.
Survey design
Primary data collection was done for household socio-economic and demographic variables from 149 households through a carefully designed questionnaire using a random sampling method. Main preference was given to females because they generally face problems of water collection.
The questionnaire was designed on the basis of previous literature and consultation with the experts from Rajasthan state Public Health Engineering Department (responsible for Jaipur Water Supply), and academic and local public representatives (Wedgood & Sansom ) . The questionnaire was first pre-tested on a sample group of representatives to minimize the strategic, hypothetical, and compliance biases that might arise during the survey.
Problematic and ambiguous questions were rephrased during the pre-testing questionnaire if the respondents did not answer that question. The final questionnaire solicited information on household socio-economic, demographic characteristics, water supply conditions, and water use.
The study area was divided into two colonies; the sampling profile is shown in Table 1 . In each colony, houses were selected by a systematic random sample. As the target was to interview approximately 149 households or respondents, at least 74 households in each colony were selected and the household heads were interviewed.
For most of the study, interviews were held in daytime and at that time only females were at home (most of them were housewives). If the selected house had more than one single household, the household head willing to be interviewed was selected. If all household heads were willing to interviewed, one was simply picked at random. In the event where there were no members to be interviewed in a selected household, because of their busy schedule or where they were unqualified (lacking the knowledge to answer the questionnaire), the next household was then picked.
Data description
Socio-demographic data needed for the analysis was extracted from the questionnaire survey. The socio-economic demographic variables used for the water demand estimation studies were monthly household income (I), age of respondents (A_R), household size (SIZE), age of home (A_H), wealth (W), asset score (A_S), dwelling status (DWELL), number of rooms (RMS), and number of bathrooms (BATHR), etc. (Table 2) . 
Methodology
The data obtained from the preliminary household survey was used for data analysis and modeling as shown by the methodological framework given in Figure 1 . The sets of independent data used for water demand modeling are socio-economic and demographic variables. These data sets were first checked for normality, linearity, and homogeneity, and the variables which did not match the assumptions were excluded. Then among the n sets of independent variables, significant variables were selected on the basis of factor score (eigenvalue) through principal component analysis (PCA).
The econometric water demand model was developed by using the significant independent variables and dependent variables through multivariate regression analysis and that was validated with independent data sets. The validated model was used for forecasting the residential water demand by assuming that the same statistical relationship would exist between independent and dependent variables.
Analytical approach
The software used for the present study was XLSTAT 2010;
this is a data analysis and statistical software for Microsoft Excel (Addinsoft ).
In order to find out the structural relationship between the household water use and socio-economic and demographic variables, multivariate statistical analysis was used (Koo et al. ; Zhang & Brown ).
The general model used for the present study is given by Equation (1). 
Residential water use
Specific household socio-economic and demographic variables were used to assess their influence on residential water use (RWU). The independent variables selected for the present study were I, A_R, SIZE, A_H, W, AS, DWELL, EXP_WS, BATHR and RMS. These variables were used because they were deemed to most likely influence the domestic water demand. SIZE variable was intended to examine the impact of family size on the variation of RWU. A_R and A_H were defined in terms of years while I and EXP_WS were measured in Indian
Rupees. AS is a proxy of the living standard of the respondent and was calculated using the weighted score on home appliances such as washing machine, cooler, two investigate the influence of explanatory variables on RWU Table 3 . Negative price elasticity was observed with respect to EXP_WS (-0.435), this is explained by the fact that most of the respondents are from lower and middle income group families. So they will not choose to spend more money on water supply services than they are paying today. I and AS are proxies of affluence, therefore the larger is the value of I and AS, the higher the living standard, and therefore more is water required for leisure and outdoor activities. Goodness of fit statistics reveals that coefficient of determination (R 2 ) is 0.778 (Table 5) . Therefore the estimated simulated water demand equation is considered as an equation of very good fit and 77.8% of the variation in water use is explained by independent variables and remaining 22.2% is unexplained by the model. These results indicate that additional factors that are influencing domestic This study was limited by number of constraints. First, the unavailability of sector specific data, i.e., social data (exact population coverage, and gross domestic population growth rate), water price, leakage rate, and climatic data.
Second, the analysis of parameters related to climate, cost of water, watering restrictions, and highly urbanized areas may provide further insight as to factors influencing domestic per capita water demand. Third, we limited our analysis only to the domestic sector, which is the most uncertain part for the future water demand studies. We also could not assess the affect of price change on water demand. This is mainly due to old, non-functional, and faulty meters in the study area. Regardless, this paper demonstrates the effect of socio-economic and demographic variables on water demand. We cannot described the future water demand deterministically as changes in factors influencing demand are highly uncertain. Future studies on demand forecasting should have significant emphasis on the same significant determinants which have been described by the scenario approach.
Model validation
To check the validity of our model, we used 50 independent random data sets from the study area and compared the observed and predicted water demand by plotting the predicted value on the y-axis (abscissa) versus observed value on the x-axis (ordinate) as shown in Figure 3 . The percentage difference between observed and predicted value is À3.599%, therefore little deviation found in the observed and predicted water demand (Table 6 ). 
